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Project Objectivesand Approach

This projectprovidesfield observationgritical to anunderstandingf fault processes

associated with earthquakes along the SadreasandHaywardfaults.

Continuous

high precisionand high resolutionboreholetensorstrain data provide an essential
complemento long baselineinterferometrystudies(limited to samplingintervalsof
weeks), GPS studies, and seismic characterisation of faults.

The project continuesa programof
maintenanceand analysis of deep
borehole tensor strain
instrumentationnitiated at SanJuan
Bautistain late 1983, expandedby
threesitesinstalledin the Parkfield
areaduring Decemberof 1986, by
two sites deployed in the San
Francisco Bay region in 1992.
Theseinstrumentsconsistof a three
component plane strain module
operatingat a strain sensitivity of
10", and support data logging
systems.As deployedto date they
provide datasamplingat 30 minute
intervals for transmission via
satellite for permanent archive
purposesThe instrumentsprovided
by this project are unique in the
program in that they provide
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Figure 1. Efective detection capabilities of seismic,borehole strain,
and geodetic instrumentation. The vertical axisisin units of grain, whilst the
horizontal axis covers the period band from 1 second to 10™ seconds (100
years). GPS ingrumentation will lower the boundary of the geodetic
domain, but not significantly. For precise monitoring of short term strain
rate fluctuations, there is a clear necessity for borehole strain instruments
with nanostrain resolution in the minutes - months time scales. Data
observed over the past 14 years have included identifiable episodes in the
domainsshown as1,.5.
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continuoustensorstrain data of high quality and sensitivity not achievableby any
otherinstrumentation. Thesedataform a critical complemento GPSand geodetic
studies (se€&igurel) in assessingtrainratesandconsequenearthquakeisk, aswell
as investigating fault processesassociatedwith earthquake preparation and
postseismic relaxationDataaremadeavailablein nearrealtime in the USGSMenlo
Park computer system (thebeach:/we/mick/BASEDATA).These data supplement
long baselinesurvey data, and permit real time monitoring for short term strain
phenomena.

The immediate objectives of the project are

* Maintenance of uphole system integrity at 6 Northern Californian sites, with repair
or production of replacement uphole electronics if necessary.

* Manual preparation of raw instrument data for permanent archive.

* Analysis of continuous unique low frequency shear strain data (30 minute samples)
and modelling studies based on the constraints of these data

» Regular reporting and real time alert response as part of the Parkfield Prediction
experiment.

» Archive of processedlatafor accessby the earthquakestudiescommunity, and
provisionof near-reatime automaticallyprocessedlatafor inclusionin publically
accessible web pages linked to the USGS web datasets.

The project is carriedutin parallelwith maintenancef two further sites(PinonFlat

and San Gabriel mountains) in Southern California.

Investigations & Results

San Juan Bautista:

Boreholetensorstrain and surfacecreepmetepbservationsassociatedvith the mag
5.3 earthquakd Okm southeasof SanJuanBautistaon August12 1998are shownin
Figure 2. The aftershocksequencealefinesa region of the fault approximatelyé km
by 8 km at a depth of 5 km which
failed seismicallyduringthe event(see = . : : :
Figure 3, surfaceB). The borehole PO e
straindataindicatethataseismicstrain = | //

changesfollowing the event had at !
least an equivalent magnitude. _| ;
Aseismicfailure of the region (surface «M—MJ

C2) immediately above the seismic /MW
failure surfaceis consistentwith the ™| cammal
observedsurfacestrainand creep,and | J

modelled slip on surface Gadicatesa =~ - PO
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Figure 2.Strain data oberved near San Juan
Bautista during a slow earthquake sequence
immediately following a M 5.3 earthquake. Modelle
strain resulting from slow slip to the southeast of th:
site is shown in dotted lines.



The modelled failure surface of thdow earthquakeomplementhefailure surfaces
identified with previousslow earthquakesn Decemberl992 and April 1996 which

were observedat this site, and at the SearleRd. dilatometer5 km to the northwest
(seeFigure3). Thesemodelssuggesthatthe full 20km sectionof the fault hasbeen
relieved to a depth of ~5km over the past 6 years.
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Figure 3. Mainshock (M 5.3) and aftershock sequence for August 12 1998 San Juan Bautiste
earthquake. The seismic failure surface is shown as “B”, and surfaces C1 and C2 indicate
modelled slow slip in the 30 minutes, and 10 days, following the earthquake. Failure surface f
previous slow earthquakes (Dec. 1992 and April 1996) observed at this site are also indicated.

Long term data from the SJT

instrumentis shownin Figure4. The Y
dominantfeaturesarethe Loma Prieta 2| 1
coseismicoffset, slow earthquakesn /

1992, 1996 and 1998, 26 episodic | ' .
strain/creep events (barely | |

distinguishableat the scaleof Fig 4), a
significantchangein sheary, gradient 5 c.nma1 shear 1
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The shear strain anomaly identified Figure 4. Long term strain data observed at San
(Gwytheret al., 1996)in the Parkfield Juan Bautista site.

BTSM instrumentsas commencingin

1993 has continuedto date. Data plots of shear strains from each Parkfield
instrument (DLT,EDT and FLT) are shownin Figure 5. Data from the DLT
instrumentis contaminatedby an annualhydrological signal causedby a nearby
unconfinedaquifer. We haveprocessedLT datato removethe annualhydrological
term, andthe residualdataindicatesthat a large changein shearstrainalsooccurred
atthis sitein 1993. This strainanomalyhasnow beenindependentlyerified by 2-
color laser strain observations (Langbein 1998), and by microearthquake
observationsof clustered microearthquakegNadeay 1998). Modelling studies
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(Roeloffs 1997) indicate that the
anomaly is most probably not
caused by aquifer changes
associatedwith the cessation of

drought conditions in 1993
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Hayward Fault:

Dataobservedn the sitesalongthe
HaywardFaultareshownin Figures

6 and 7. Each of these sites
indicates that an annual hydrological .’
influence is presentin the areal
straindata. This effectis at a level

of lessthan 250 nanostrainin the
shear strain data.
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In 1996/7,someindication of cable
leakage due to damage which
occurred20m from the well head
during installation of the Garin
instrument cable was noted as
capillary moisture at the pit.
Repairswere carried out, but there
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is evidence that cable erosion is
continuing. Repairs to the
downhole cable are not physically
possible. Shear strains at the
Chabot site have been remarkably stable

Figu

L
1990

L L L L 1 L
1992 1994 1996 1998

re 5. Strain data observed on BTSM instruments
DLT,EDT and FLT near Parkfield.

over the 5 years of operation.
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Figure 6 Strain data from the Chabot

site, 5 km from the northern section of
the Hayward Fault.
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Figure 7 Strain data oberved at Garin

5 km from the central section of
theHayward fault.



Data Availability

Archivedstraindatafrom the Californiansitesis storedin both raw componenform,
andasprocesse@realandshearstrains.A regularlyupdatedarchiveof datahasbeen
maintainedn the USGSMenlo Parkcomputersystemsince1988.This datais stored
in binary files with appended header information (USBG&tle’ format).

Datais accessiblein thebeach:/we/mick/BASEDATAutomatically processechear-
realtimedatais availablein thebeach:/we/mick/QUICKCHECHTr userswith access
to USGS plotting softwarexqp’, and via the USGS crustal deformation wegesn
graphicalform. Home pagefor accesso all web datafrom boreholetensorstrain
instruments is http://www.dem.csiro.au/~rossg/straincal/straincal.html

Scientistgequiringaccesgso the archiveddatashouldcontactDr. R. Gwyther(+617
3212 4586, emailr.gwyther@cat.csiro.guor Dr. M.T. Gladwin (+617 3212 4562).
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This projectprovidesfield observation®f horizontalstrainchangesover
timescalesfrom minutesto years,critical to an understandingpf fault
processesassociatedwith earthquakesalong the San Andreas and
Haywardfault systems. The projectcontinuesa programof maintenance
and analysisof deepboreholetensorstrain instrumentationinitiated at
San Juan Bautista and Pinon Flat Observatoryin late 1983. Three
instrumentswere deployednear Parkfield in central Californiain 1986,
and two instrumentswere deployednear the Hayward fault in 1992.
Continuous high precision and high resolution (0.001 microstrain)
borehole tensor strain data provide an essentialcomplementto long
baselineinterferometrystudies(limited to samplingintervals of weeks),
GPSstudies,and seismiccharacterisatiomf faults. This projectrunsin
parallel with a maintenanceproject coveringtwo further instrumentsin
SouthernCalifornia. Significant findings include a range of aseismic
strain observations unobtainable with other instrumentation.



